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Accurate reconstruction of prehistoric social organization is important if we are to put together
satisfactory multidisciplinary scenarios about, for example, the dispersal of human groups. Such
considerations apply in the case of Indo-European and Austronesian, two large-scale language
families that are thought to represent Neolithic expansions. Ancestral kinship patterns have
mostly been inferred through reconstruction of kin terminologies in ancestral proto-languages
using the linguistic comparative method, and through geographical or distributional arguments
based on the comparative patterns of kin terms and ethnographic kinship ‘facts’. While these
approaches are detailed and valuable, the processes through which conclusions have been drawn
from the data fail to provide explicit criteria for systematic testing of alternative hypotheses.
Here, we use language trees derived using phylogenetic tree-building techniques on Indo-European
and Austronesian vocabulary data. With these trees, ethnographic data and Bayesian phylogenetic
comparative methods, we statistically reconstruct past marital residence and infer rates of cultural
change between different residence forms, showing Proto-Indo-European to be virilocal and
Proto-Malayo-Polynesian uxorilocal. The instability of uxorilocality and the rare loss of virilocality
once gained emerge as common features of both families.
Keywords: phylogenetic comparative methods; cultural phylogenetics; post-marital residence;
Indo-European; Austronesian; human social organization1. INTRODUCTION
Marital residence norms are an important determinant
of human kinship organization. By regulating the
movement of people, these norms shape the pattern
of genetic variation within and across populations.
Knowledge of this feature of social organization is
therefore crucial to our understanding of human demo-
graphic history (e.g. Seielstad et al. 1998; Wilkins &
Marlowe 2006). Until recently, our ability to specify
the behavioural strategies of people in prehistory was
speculative at best. Ancestral kinship patterns have
been inferred (i) through reconstruction of kin ter-
minologies in ancestral proto-languages using the
linguistic comparative method and (ii) through geo-
graphical or distributional arguments based on the
comparative patterns of kin terms and ethnographic
kinship ‘facts’ (e.g. Murdock 1949; Blust 1980;
Mallory 1997). We stress that these approaches arer for correspondence (l.fortunato@ucl.ac.uk).
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3913detailed and carefully described, and valuable to the
study of prehistory. However, the processes through
which conclusions have been drawn from the data
fail to provide explicit criteria for systematic testing
of alternative hypotheses. Accurate reconstruction of
prehistoric social organization is important if we are
to put together satisfactory multidisciplinary scenarios
about, for example, the dispersal of human
groups. Such considerations apply in the case of
Indo-European (IE) and Austronesian (AN), two
large-scale language families that are thought to be
Neolithic expansions associated with new domestication
technologies (Diamond & Bellwood 2003). In this
paper, we discuss the results of phylogenetic compara-
tive analyses of marital residence in societies speaking
IE and AN languages, and show how this approach pro-
gresses speculation into a testable scientific framework.
Work in both language families illustrates the
importance of correctly inferring ancestral social
organization. For example, Gimbutas (1991) excluded
Anatolia and southeastern and central Europe as
potential homelands of the IE language family on
the grounds that the Neolithic societies of these
regions were ‘matrifocal’, while early IE society was
reconstructed as practising virilocality (i.e. residence
of married couples with or near the husband’s kin)
and patrilineality (Mallory 1997). However, inter-
pretations of the linguistic evidence seem to be
strongly biased towards virilocality by the purportedlyThis journal is q 2010 The Royal Society
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2007; e.g. Anthony 2007). The prevalence of virilocal-
ity among the historically attested IE societies is used
to bolster these interpretations (e.g. Mallory 1997),
but the ethnographic evidence can also be used to
support alternative scenarios. For example, based on
cross-cultural variation in social systems, Murdock
(1949, p. 349) reconstructed ‘an Eskimo type of
social structure in the prehistory of the Indo-European
peoples’, which is characterized in its typical form by
monogamous marriage, independent nuclear families
and neolocal residence (Murdock 1949).
While diverse in terms of marital residence norms,
AN societies are noted for their flexibility (Lane
1961) and their ‘matricentric orientation’, that is, a
theme of uxorilocality (i.e. residence of married
couples with or near the wife’s kin) and matrilineality
(Burton et al. 1996). Pacific scholars have debated the
nature of early AN social organization for many years
with little apparent consensus (Van Wouden 1935
[1968]; Murdock 1949; Blust 1980). As with IE, infer-
ences have relied on linguistic reconstructions and
inferences from comparative ethnography. More
recently, Hage (1998) and Marck (Hage & Marck
2003; Marck 2008) hypothesized that uxorilocality
characterized ancestral Oceanic society (the branch
of the family including Polynesian and other Remote
Oceanic societies). A matri-biased social organization
in ancestral Oceanic peoples would therefore have
restricted female genetic diversity while increasing
male diversity as non-AN men married in. Uxorilocal-
ity is thus consistent with the divergent mtDNA
and Y-chromosome patterns seen in Pacific human
genetics, and some geneticists are beginning to work
within this paradigm (e.g. Kayser et al. 2008; for a
review see Hurles et al. 2003).
These examples illustrate how putative ancestral
kinship patterns are invoked to constrain hypotheses
(as in IE) or to explain conflicting evidence (as in
AN) about the past. Resolving questions about past
social structure will thus play a large part in cor-
rectly describing population prehistory. Phylogenetic
comparative methods offer a rigorous statistical frame-
work for reconstructing the pattern of change in
cultural traits, and provide insights into features of
social organization that are not preserved in the
archaeological or historical records (Mace & Pagel
1994). Even within a small literature, phylogenetic
comparative analyses of human cultural traits have
concentrated on aspects of kinship (Fortunato 2008).
The fact that kinship systems are organized in a
restricted set of all the combinatorial possibilities avail-
able (e.g. Nerlove & Romney 1967) suggests that
selective forces are at work to optimize these features
of human social behaviour. Because they involve a
co-dependent set of individuals, at the group level, kin-
ship norms are likely to be stable for many generations,
particularly if they represent effective behavioural
strategies (e.g. Guglielmino et al. 1995). It then
stands that if human societies have shared trajectories
of cultural evolution, kinship is a likely locus for us
to discover such commonalities. Here, we focus our
discussion on comparison of the inferred patterns of
change in marital residence across the two ethno-Phil. Trans. R. Soc. B (2010)linguistic groups; the reconstructions for the two
ethno-linguistic groups are discussed in detail in
Fortunato (in press) for IE and in Jordan et al.
(2009) for AN. Following Richards (1950), who
noted that matrilineal systems involve tensions
between male authority and the female focus of kin-
ship relations, we suggest that one predicted
commonality might be higher rates of change away
from uxorilocal residence to other forms.2. THE PHYLOGENETIC COMPARATIVE
APPROACH
Phylogenetic comparative methods work by recon-
structing evolutionary pathways that are likely to
have produced the observed distribution of traits of
interest across a sample of taxa. This requires a phylo-
genetic tree representing the historical relationships
among the taxa, and a model of how the traits have
evolved on the tree (Felsenstein 1985; Harvey &
Pagel 1991). In a cross-cultural framework, the
model of trait evolution is inferred statistically from
ethnographic comparative data mapped onto phylo-
genetic trees derived from genetic or linguistic data
(Mace & Pagel 1994; e.g. Holden & Mace 1997,
2003; Fortunato et al. 2006).
Here, we reconstruct ancestral states of marital resi-
dence across samples of societies speaking IE and AN
languages, using comparative data from ethnographic
sources and phylogenetic trees derived from linguistic
data. We use phylogenetic comparative methods in a
Bayesian Markov chain Monte Carlo (MCMC) frame-
work (Pagel et al. 2004; Pagel & Meade 2005, 2006)
to estimate the posterior probability distributions of
parameters of interest to the comparative question
(e.g. ancestral state probabilities at internal nodes,
rates of trait change). The posterior probability of a par-
ameter value is a quantity proportional to its likelihood
of having produced the observed data, and represents
the probability of the parameter value given the data
and model of trait evolution (Huelsenbeck et al. 2001;
Lewis 2001). Because posterior probabilities cannot
feasibly be computed analytically, posterior probability
distributions are inferred instead using an MCMC
sampling algorithm. This distributional approach pro-
vides information about the degree of statistical
uncertainty in the cultural trait reconstructions. Relat-
edly, this approach makes it possible to account for
the effect of uncertainty in the phylogenetic tree
model representing population history, a non-trivial
consideration in the study of cultural traits as a single
branching tree is unlikely to accurately represent
human population history (Boyd et al. 1997): the esti-
mation of parameters over a probability sample of
trees yields estimates that are not dependent on any
specific phylogenetic hypothesis. Finally, parameters
can be estimated over different models of trait evolution,
and this yields estimates that are not dependent on any
specific model of how the cultural traits have evolved.
(a) Tree samples
We used the posterior probability samples of language
trees published in Pagel et al. (2007) for IE and
in Jordan et al. (2009) for AN. These samples were
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analyses of binary matrices showing the presence/absence
of cognate terms from the 200-word list of basic
vocabulary for 87 IE languages (data from Dyen et al.
1992) and the 210-word list for 400 AN languages
(data from Greenhill et al. 2008; Gray et al. 2009),
using the Bayesian MCMC method implemented in
BAYESPHYLOGENIES (Pagel & Meade 2004). This
method generates a sample of phylogenetic trees in
which trees appear in proportion to their posterior
probability. The samples included 750 trees for IE,
and 1000 for AN; the size of the tree sample is arbitra-
rily large, and is determined by the specifications (e.g.
length of the MCMC chain and sampling period) of
the tree-building analysis. We pruned the parent trees
in the samples to retain only those taxa for which we
had corresponding cultural data in the ethnographic
sources used (n ¼ 27 plus outgroup Hittite for IE and
n ¼ 135 for AN); the criteria used for matching the
linguistic and cultural taxa are outlined in §2b.(i) Outgroups and proto-societies
Outgroup taxa are used in tree-building analyses for
determining ancestor–descendant relationships; they
provide information on the direction of change in the
data (in this case, in the linguistic data), by virtue of
being distantly related to the taxa under investigation,
the ingroup taxa. The tree-building analysis for IE
used Hittite, Tocharian A and Tocharian B as out-
groups (Pagel et al. 2007). Hittite belongs to the
extinct sister group of the IE languages, the Anatolian
clade; together, the Anatolian and IE clades form the
Indo-Hittite language family. The two known dialects
of Tocharian, A and B, are speech varieties represent-
ing an extinct IE clade (Ruhlen 1991). We use the
term ‘Proto-Indo-Hittite’ for the hypothetical ancestor
of Indo-Hittite languages, and ‘Proto-Indo-European’
(PIE) for the hypothetical ancestor of IE languages,
and for the hypothetical ‘proto-societies’ that spoke
them. For consistency with previous work (Fortunato
et al. 2006; Fortunato & Mace 2009), Hittite was
retained in the tree sample, but was assigned no mar-
riage strategy data for the purpose of the comparative
analysis (§2b). In AN, the languages used as outgroup
taxa in the tree-building analysis (Gray et al. 2009)
were not retained in the tree sample as no correspond-
ing cultural data could be found. Thus, the root of the
tree corresponds to ‘Proto-Austronesian’ (PAN),
whereas ‘Proto-Malayo-Polynesian’ corresponds to
the hypothetical ancestor of all non-Formosan AN
languages (Gray et al. 2009). For each set of analyses,
we present a consensus tree summarizing the tree
sample, but the comparative analyses were performed
over the two tree samples in their entirety.(b) Coding residence data
We matched languages to ethnographic data on mari-
tal residence using the geographical and descriptive
information on societies in the anthropological litera-
ture. The IE analyses used data from Murdock’s
(1967) Ethnographic Atlas, based on the updated elec-
tronic version by Gray (1999). Only societies located
in Eurasia were included in the sample, correspondingPhil. Trans. R. Soc. B (2010)to the geographical range of IE languages before 1492
CE (Diamond & Bellwood 2003). In addition to the
Ethnographic Atlas, the AN analyses used data from
ethnographic encyclopaedias (LeBar 1975; Levinson
1990) and relevant ethnographic literature or fieldwor-
kers (Jordan et al. 2009). The Ethnographic Atlas scores
societies separately for prevailing and alternative
modes of marital residence, the latter defined as ‘cul-
turally patterned alternatives to, or significant
deviations from, the prevailing profile’ (Murdock
1967, p. 48). For AN, the data from additional sources
were coded consistently with the Ethnographic Atlas.
In order to give higher weight to the prevailing
mode of residence, each society was assigned three col-
umns of data: two identical columns specifying the
prevailing pattern, and a third column specifying the
alternative pattern; the prevailing mode was used at
all three columns for societies scored as not presenting
an alternative mode. For both the prevailing and
alternative patterns, we coded societies as practising
neolocality (i.e. residence apart from the kin of either
spouse; state N), uxorilocality (i.e. residence with or
near the wife’s kin; state U) or virilocality (i.e. resi-
dence with or near the husband’s kin; state V).
Ambilocal societies, where married couples take resi-
dence optionally with (or near) the kin of either
spouse, and with approximately equal frequency,
were assigned the dual state UV. Consistently, in the
comparative analysis, these societies are treated as
taking either state with equal probability (§2c). Miss-
ing information was coded as such (§2c). Below, we
discuss results focusing on the changes in the
prevailing residence pattern across the two tree samples.(c) Estimation of ancestral states
We used the phylogenetic comparative method
implemented in BAYESMULTISTATE, available as part of
the BAYESTRAITS package from http://www.evolution.
rdg.ac.uk/BayesTraits (Pagel et al. 2004; Pagel &
Meade 2005, 2006). Given the comparative data and
tree sample, BAYESMULTISTATE uses a continuous-time
Markov model to describe the evolution of the trait
of interest along the branches of a phylogeny. Under
this model, the trait ‘residence’ can switch repeatedly
between its three states, N, U and V, in any of the
branches of a tree. In analyses with multiple sites—in
this case, the three columns of data specifying the
prevailing and alternative modes of residence—
BAYESMULTISTATE uses information from the sites sim-
ultaneously to estimate a single set of rate parameters
specifying the model of trait evolution. Three states
require six rate parameters specifying the possible tran-
sitions—in this case, qNU, qNV, qUN, qUV, qVN and qVU.
These parameters measure the instantaneous rates of
change from one state to another, and are used to
define the probabilities of these changes, the character
states at internal nodes on a tree and the likelihood of
the data (Pagel 1994, 1997, 1999). In the likelihood
calculations, BAYESMULTISTATE treats taxa that are
assigned multiple states, like the ambilocal societies
(§2b), as taking those states with equal probability at
the relevant site; similarly, it treats taxa with missing
data as taking any state with equal probability.
3916 L. Fortunato & F. Jordan Indo-European and Austronesian residence
 on November 2, 2010rstb.royalsocietypublishing.orgDownloaded from The Bayesian MCMC implementation of BAYES-
MULTISTATE estimates the posterior probability
distributions of rate parameters and ancestral charac-
ter states (Pagel et al. 2004; Pagel & Meade 2005).
All analyses used the program in reversible-jump
mode, which additionally estimates the posterior prob-
ability distribution of the possible models of trait
evolution specified by the six rate parameters (Pagel &
Meade 2006). The reversible-jump procedure outputs
a model string describing the rate parameters such that
rates are assigned to classes denoted by ordered inte-
gers or a ‘zero bin’ depicted by Z. For example, the
model string 00011Z assigns qNU, qNV and qUN all to
an internally equivalent rate class (0) that is slower
than class (1) to which qUV and qVN are assigned.
Rate qVU is set to zero.
The means of the posterior probability distribution
of ancestral states at internal nodes on the consensus
tree are combined with the posterior probability of
each node, which represents the probability that the
node exists (Lewis 2001), and is denoted as p(node).
For example, for a given node, BAYESMULTISTATE
may return a posterior probability distribution with a
mean of 0.8+ s.d. for virilocality; this is denoted
p(Vjnode)+ s.d. If the node is present in all trees,
i.e. p(node) ¼ 1.00, we accept the 0.8 value as the pos-
terior probability of virilocality at that node. However,
if the node is only present in 60 per cent of the trees,
i.e. p(node) ¼ 0.60, we report the ‘combined prob-
ability’ for virilocality, p(V) ¼ p(Vjnode)  p(node) ¼
0.8  0.6 ¼ 0.48. A value of 0.7 for the combined
probabilities represents an acceptable value of cer-
tainty for an ancestral state at a node (M. Pagel
2006, personal communication).
The MCMC chain specifications were determined
by examining the results of preliminary maximum-
likelihood and MCMC runs. Different numbers of
taxa and the probabilistic nature of the tree samples
meant that the same specifications could not be
applied to both datasets; however, where possible, we
used comparable values (see electronic supplementary
material, table S1, for details).(d) Testing
We tested the ancestral state reconstructions at the root
(Proto-Indo-Hittite for IE and PAN for AN) and a
historically significant basal node in each family (PIE
for IE and Proto-Malayo-Polynesian for AN). These
tests ‘fixed’ each node to be one of the three possible
states (N, V and U), in turn. BAYESMULTISTATE does
not allow sites to be fossilized separately; therefore,
each run fixed all three sites to the same state.
We determined which fossilized state had relatively
higher support at a given node using Bayes factors.
Following Pagel & Meade (2006), we took twice the
difference in the logarithm of the harmonic mean of
the likelihoods for pairs of runs; the resulting values
represent a summary of the evidence for one state
over another at a given node. Based on Raftery’s
(1996) logarithmic scale for interpretation of the
Bayes factors, values between 0 and 2 are barely
worth mentioning, values between 2 and 5 represent
positive evidence, values between 5 and 10 strongPhil. Trans. R. Soc. B (2010)evidence and values greater than 10 very strong
evidence.3. RESULTS
Figures 1 and 2 present the consensus trees summar-
izing the two phylogenies. The IE phylogeny in
figure 1 is shown with all nodes and reconstructions.
The AN phylogeny (figure 2) is depicted in condensed
form with clades collapsed; the size of a clade is pro-
portional to the number of daughter societies (see
electronic supplementary material, table S2, for a list-
ing of societies within each clade). Clade triangles
terminate in a bar shaded proportionately to reflect
the frequency of residence patterns within each
clade. Below, we report the major findings of ancestral
state reconstruction for the two families, followed by a
comparative discussion on the relative rates of change
in residence.
(a) Indo-European
For the prevailing mode of residence, nodes Proto-
Indo-Hittite and PIE reconstructed as virilocal with
posterior probabilities of p(Vjnode) ¼ p(V) ¼ 0.64+
0.14 and p(Vjnode) ¼ p(V) ¼ 0.90+0.12, respect-
ively (figure 3). Virilocality reconstructed with high
posterior probabilities through to nodes A, B and C
(in all cases p(Vjnode)  0.85), but the confidence
that can be placed in these inferences is limited by
the degree of phylogenetic uncertainty at these
nodes. Uncertainty in the reconstructions at the base
of the tree means that a host of scenarios can explain
the observed distribution of states at the tips. Node
D (the common ancestor of societies speaking Italic,
Germanic and Celtic languages) yielded posterior
probabilities of p(Vjnode) ¼ 0.40+0.10 for virilocal-
ity and p(Njnode) ¼ 0.40+0.15 for neolocality;
additionally, this node is found in only 78 per cent of
trees in the sample, i.e. p(node) ¼ 0.78. However, neo-
locality reconstructed with high posterior probabilities
within the Italic clade. Nodes E (the common ancestor
of societies speaking Indian and Iranian languages)
and F (the common ancestor of societies speaking
Baltic and Slavic languages) reconstructed as virilocal
with posterior probabilities of p(Vjnode) ¼ p(V) ¼
0.87+0.10 and p(Vjnode) ¼ p(V) ¼ 0.92+0.08,
respectively. Virilocality reconstructed with high
posterior probabilities within the Indo-Iranian and
Balto-Slavic clades.
In agreement with the ancestral state reconstructions,
at node PIE the fossilization analyses returned strong
evidence for virilocality over uxorilocality (Bayes factor
7.51), positive evidence for virilocality over neolocality
(Bayes factor 4.36) and positive evidence for neolocality
over uxorilocality (Bayes factor 3.15). The pattern was
weaker at node Proto-Indo-Hittite, with values of the
Bayes factor less than 2 in all cases.
(b) Austronesian
Uxorilocality is securely reconstructed for Proto-
Malayo-Polynesian (p(Ujnode) ¼ p(U) ¼ 0.96+0.06),
and many daughter subgroups and societies in the
Island Southeast Asian region (e.g. Proto-Philippines,






























































Figure 1. Fifty per cent majority rule consensus phylogeny (including compatible groupings) summarizing the sample of 750
trees for 27 IE languages plus the outgroup Hittite. The colour of the dots at the tips depicts a society’s prevailing mode of
marital residence: white, neolocality; grey, uxorilocality; black, virilocality; black and grey, ambilocality. The value above
each node is the node’s posterior probability, as a percentage. The dots at the nodes indicate the ancestral states of residence
(white, neolocality; grey, uxorilocality; black, virilocality; black and grey, ambilocality). for the node (black p(V)  0.70, grey
p(N)  0.70); nodes with no dots have combined probability less than 0.70 for all states. PIH, Proto-Indo-Hittite; PIE, Proto-
Indo-European.
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three-state analysis that considers both prevailing and
alternate residence forms, in comparison to Jordan
et al. (2009) who considered only the prevailing
mode of residence and two states (uxorilocal/virilocal).
Here, for prevailing mode of residence, PAN is uxori-
local (p(Ujnode) ¼ p(U) ¼ 0.42+0.10) more than
virilocal (p(Vjnode) ¼ p(V) ¼ 0.38+0.09) or neolo-
cal (p(Njnode) ¼ p(N) ¼ 0.20+0.10), but there is
considerable overlap in the distributions of these prob-
abilities, leaving PAN an ambiguously reconstructed
node (figure 4a). Alternative mode of residence at
PAN is more securely uxorilocal (p(Ujnode) ¼
p(U) ¼ 0.67+0.13). Early AN societies thus do have
a bias towards uxorilocality, suggesting that virilocality
was a later development in the AN family as a whole.
Switches to prevailing virilocality occur in many
societies surrounding the island of New Guinea
(clades such as Oceanic 1–3, South Halmahera–West
New Guinea and Central Malayo-Polynesian 1 and 2),
though some retain uxorilocality, especially as anPhil. Trans. R. Soc. B (2010)alternative strategy. The well-defined Proto-Oceanic
node is present in all trees and reconstructs with prevail-
ing virilocality (p(Vjnode) ¼ p(V) ¼ 0.72+0.18) and
alternative uxorilocality (p(Ujnode) ¼ p(U) ¼ 0.77+
0.16). No ancestral nodes robustly reconstruct as neolo-
cal, and over all trees p(Njnode) is rarely greater than
0.33. When tested using the fossilization procedure,
there is positive evidence in favour of PAN uxorilocality
over virilocality (Bayes factor 3.88) and neolocality
(Bayes factor 3.44), and very strong evidence for
Proto-Malayo-Polynesian uxorilocality over virilocality
(Bayes factor 16.42) and neolocality (Bayes factor
15.04).(c) Rates of change
Table 1 presents the mean values of the rate par-
ameters over all model categories sampled by the
chains; because we cannot directly compare parameter
values across the two ethnolinguistic groups, we have














































Figure 2. Fifty per cent majority rule consensus phylogeny (including compatible groupings) summarizing the sample of 1000
trees for 135 Austronesian languages. Collapsed clades are proportional in size to number of taxa, and terminate in a bar
shaded proportional to residence patterns within that clade (white, neolocality; light grey, uxorilocality; black, virilocality;
dark grey, ambilocality). The value above each node is the node’s posterior probability, as a percentage. Three major nodes
only (Proto-Austronesian, PAN; Proto-Malayo-Polynesian, PMP; Proto-Oceanic, POC) are shown shaded according to the
ancestral state reconstruction. CMP, Central Malayo-Polynesian; SHWNG, South Halmahera–West New Guinea; WMP,
Western Malayo-Polynesian.
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category sampled most frequently by the chain.
In IE, the top reversible-jump model category
accounts for 17 per cent of all points sampled by the
chain. Here, rate parameter qVU was always assigned
to the zero bin; in fact, it was assigned to the zero
bin in the top 81 per cent of points sampled by the
chain. The mean value of qVU over all sampled
points was an order of magnitude smaller than the
mean values of the other five rate parameters (0.2
compared with mean values ranging from 3.9 for qVN
to 8.5 for qNV). The distribution of states at the tips
of the tree and the reconstructed ancestral states indi-
cate that transitions from viri- to uxorilocality in the
prevailing mode of residence are rare, occurring only
in the branch leading to Byelorussian and possibly in
the branch leading to Dutch (figure 1); only three
societies (Armenian, Italian and Singhalese) practise
alternative uxorilocality. This means that thePhil. Trans. R. Soc. B (2010)acquisition of uxorilocality is more likely to have
occurred through neolocality than through virilocality
throughout the history of IE-speaking societies.
In AN, the top reversible-jump model category
accounts for 23 per cent of all sampled points and cap-
tures the overall dynamics of how residence changes in
these societies. In this, and in the first 94 per cent of
sampled points, qVN is assigned to the zero bin. The
value of qVN over all sampled points is effectively zero
(0.6 compared with mean values greater than 27.6):
thus, changes from viri- to neolocality are rare. Further,
rates from viri- to uxorilocality and from uxori- to neo-
locality are always assigned to the slow rate category.
Other transitions vary equally between the slower and
faster rates, reflected in their mean values. The general
pattern emerges that in AN residence, changes towards
neolocality are uncommon, and transitions towards vir-
ilocality happen frequently. Uxorilocal societies are 1.5
times more likely to switch to virilocality (qUV ¼ 40.4)































Figure 3. Posterior probability distributions of reconstructed
ancestral states for nodes corresponding to (a) Proto-Indo-
Hittite and (b) PIE. Bar colours match the residence codings

































Figure 4. Posterior probability distributions of reconstructed
ancestral states for nodes corresponding to (a) PAN and
(b) Proto-Malayo-Polynesian. White, neolocality; grey, uxor-
ilocality; black, virilocality.
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(qVU ¼ 28.6); additionally, there are no instances
where qVU. qUV.
Overall, the analyses suggest that, in both ethnolin-
guistic families, the dynamics of evolutionary change
in the residence strategy can be described by a model
of trait evolution based on a small number of non-Phil. Trans. R. Soc. B (2010)zero rate classes (the mean number of non-zero rate
parameters is 1.76 for IE and 2.04 for AN). More gen-
erally, the results suggest that in both IE and AN the
loss of virilocality is a rare event, as indicated by the
relative values of the rate parameters capturing these
transitions (qVU and qVN). It is especially the case
that changes from uxori- to virilocality (specified by
parameter qUV) occur at a higher rate than the reverse
transition (specified by parameter qVU): qUV is over 30
times more likely than qVU in IE, and one and a half
times more likely in AN (table 1).4. DISCUSSION
Using phylogenetic comparative methods and ethno-
linguistic information on two large cultural families, we
have reconstructed an important aspect of the social
structure of peoples who lived over 5000 years ago.
The reconstruction of early IE virilocality is in line
with the prevalent scenario derived from the linguistic
evidence (Mallory 1997); as noted above, however,
reconstructions of virilocality based on the linguistic
evidence are plagued by substantial bias in interpret-
ation, and several alternatives are at least equally
plausible (Clackson 2007). The uncertainty in the
reconstruction for Proto-Indo-Hittite reflects disagree-
ments in the literature about the earliest residence
pattern of IE peoples (Clackson 2007) and suggests
that, for this point in time, we can place limited confi-
dence in inferences about this aspect of social
organization drawn from cross-cultural data. The
reconstruction of early IE virilocality concurs with
recent archaeological evidence based on strontium iso-
tope analyses of Neolithic burials in Germany, which
indicate the migration of females in adulthood (Price
et al. 2001; Bentley et al. 2002; Haak et al. 2008; see
discussion in Fortunato in press).
In AN, early uxorilocality appears to be robustly
supported in Proto-Malayo-Polynesian and as an alter-
nate option in PAN. This is in line with some
interpretations of PAN and Proto-Malayo-Polynesian
kinship terminologies (Blust 1980), but, as with IE,
here we provide independent confirmation from
cross-cultural data. More recent work attempting
to reconcile the different patterns of uniparental
genetic markers seen in the Pacific has suggested that
uxorilocality was a later development in AN, i.e. in
Proto-Oceanic (Hage 1998; Hage & Marck 2003;
Kayser et al. 2008). However, our findings suggest
that this period of uxorilocality was earlier in time;
our comparative methods may not be able to recon-
struct this form of residence for Proto-Oceanic
because many daughter societies have, while retaining
an uxorilocal option, since switched to virilocality as
the prevailing mode perhaps because of cultural con-
tact with nearby non-AN (‘Papuan’) societies
(Jordan et al. 2009). Further work is required to ident-
ify independent ‘markers’ for contact that might allow
us to systematically address hypotheses about cultural
borrowings.
The inferred model of trait evolution shows that in
both IE and AN changes from uxori- to virilocality
occur at a higher rate than the reverse transition.
This may reflect the instability of ‘matricentric’
Table 1. Summary of the model of trait evolution for residence strategy. N, neolocality; U, uxorilocality; V, virilocality.
analysis
rate parameters
qNU qNV qUN qUV qVN qVU
mean valuea IE 5.9 8.5 8.0 6.4 3.9 0.2
AN 43 83 27.6 40.4 0.6 28.6
scaled valuea IE 29.5 42.5 40 32 19.5 1
AN 1.5 2.9 0.9 1.4 0.02 1
rate classb IE 0 0 0 0 0 Z
AN 0 1 0 0 Z 0
aMean and scaled values over all model categories sampled by the chain. The mean values are scaled by setting qVU ¼ 1.
bRate class to which the rate parameter was assigned in the model sampled most frequently by the chain. ‘Z’ denotes rate parameters
assigned to the zero bin (see §2c).
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observed by Richards (1950) for African societies. In a
phylogenetic comparative analysis of the coevolution
of descent systems and cattle-keeping, Holden &
Mace (2003) found evidence that Bantu matriliny
was only sustained under certain socio-ecological con-
ditions, i.e. the presence of horticulture and the
absence of pastoralist subsistence systems. In this fra-
mework, both the prevalence of virilocality in
ethnographically attested IE societies and the near-
zero rate of switching from viri- to uxorilocality
inferred by our evolutionary model are consistent
with the pastoral and intensive agricultural subsistence
economies ascribed to early IE societies (Mallory
1997). The matricentric character of AN societies
(Burton et al. 1996) suggests a different evolutionary
dynamic, that is, the loss of early—but perhaps wide-
spread—uxorilocality. The origin and/or maintenance
of uxorilocality has been linked to a ‘male absence’
factor (Keegan & Machlaclan 1989; Hage 1999).
Many features of AN societies suggest this as a plausible
hypothesis, including the unpredictable ecological fea-
tures of oceanic environments; the voyaging traditions
of seafaring people (both exploratory and trading-
related); and subsistence systems that include deep-
sea fishing but not pastoralism as practised on large
continental landmasses. If variation in residence is
indeed linked to a society’s subsistence pattern and eco-
logical niche, the type of analyses we present here offer
good support for, and avenues for testing, the suspi-
cions long held by anthropologists that human social
life is not infinitely varied but rather is constrained by
local environments. Asking the same questions in
different ethnographic regions heralds a useful step for-
ward in our ability to infer the general mechanisms of
cultural evolutionary change, that is, the identification
of lineage-specific processes within global domains
(cf. Evans & Levinson 2009).
Investigating the evolution of cross-cultural diver-
sity—in kinship or otherwise—involves an explicit
choice about how to statistically approach hierarchi-
cally related human populations (Mace & Pagel
1994). As well as controlling for the effects of histori-
cal relatedness, phylogenetic comparative methods let
us drill down into the specifics of ancestral states and
processes of cultural change in a way that no other
statistical methods currently available will allow. This
is not, however, a statement that all human culturalPhil. Trans. R. Soc. B (2010)processes follow strict ‘vertical’ or phylogenetic trans-
mission dynamics (contra Borgerhoff Mulder et al.
2006). Rather we suggest, following Mace (2005),
that questions about the degree to which cultural
traits are transmitted ‘vertically’ from parent to daugh-
ter populations or ‘horizontally’ across populations
only make sense within a phylogenetic framework. In
this context, phylogenetic comparative methods have
been shown to outperform non-phylogenetic methods
under realistic scenarios and levels of horizontal trans-
mission (Nunn et al. 2006; Currie et al. 2010).
Ultimately, as with any other methodological approach,
as long as the assumptions of the comparative analysis
are made clear, the conclusions can be sustained or
refuted by different data or analytical approaches.
Because the reconstruction of AN and IE prehistory
are active fields of interdisciplinary scholarship, our
findings have important implications for the interpret-
ation of current ethnographic, archaeological, genetic
and linguistic data; for example, fashionable state-
ments in molecular anthropology about the impact of
social structure on genetic diversity are largely used
as post hoc narratives to explain incongruous findings.
We believe there is obvious global utility in the
methods and approaches presented here, and hope
future research is stimulated by the promise of
reconstructing the social lives of our ancestors.
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